It is a common view that an organism's microbiota has a profound influence on host fitness; 14 however, supporting evidence is lacking in many organisms. We manipulated the gut 15 microbiome of Daphnia magna by chronic exposure to different concentrations of the 16 antibiotic Ciprofloxacin (0.01 -1 mg L -1 ), and evaluated whether this affected the animals' 17 fitness and antioxidant capacity. In line with our expectations, antibiotic exposure altered the 18 microbiome in a concentration-dependent manner. However, contrary to these expectations, 19 the reduced diversity of gut bacteria was not associated with any fitness detriment. Moreover, 20 the growth-related parameters correlated negatively with diversity indices; and, in the 21 daphnids exposed to the lowest ciprofloxacin concentrations, the antioxidant capacity, 22 growth, and fecundity were even higher than in control animals. These findings suggest that 23 ciprofloxacin exerts direct stimulatory effects on growth and reproduction in Daphnia, while 24 microbiome-mediated effects are of lesser importance. Thus, although microbiome profiling 25 of Daphnia may be a sensitive tool to identify early effects of antibiotic exposure, 26 disentangling direct and microbiome-mediated effects on host fitness is not straightforward. 27 68 sequencing (22 , 23). Regardless of the sequencing platform, origin of specimens, and culture 69 conditions, the core microbiome appears relatively stable, mainly comprised of 70 Betaproteobacteria, Gammaproteobacteria and facultative anaerobic Bacteroidetes species.
Introduction
In multicellular organisms, the microbiome contributes to critical aspects of host development 31 and physiology (1). In ecological, evolutionary and ecotoxicological research, there is 32 growing recognition that environmental stresses imposed upon the microbiome may drive DNA Extraction 135 DNA was extracted from the gut samples using 10% Chelex (24) 143 Bacterial diversity of the samples was analyzed by sequencing of amplicons generated from 144 the V3-V4 region of the 16S rRNA gene using the MiSeq Illumina platform. Two-stage PCR 145 amplification was performed using forward primer 341F: (CCTACGGGNGGCWGCAG) and 146 reverse primer 805R: (GGACTACHVGGGTWTCTAAT). The first PCR was carried out in 147 25-µl PCR reactions and comprised 0.02 U µl -1 Phusion polymerase (ThermoFisher, USA), 148 0.2 mM dNTP, 1 mM MgCl 2 , 1 × Phusion reaction buffer, 0.5 µM of each primer as well as 5 149 ng of DNA template). The amplification protocol consisted of an initial denaturation at 98 °C 150 for 30 seconds followed by 35 cycles of 10 sec at 98 °C, 30 sec at 55 °C and 72 °C, and, a final extension step (72 °C for 10 min). PCR products were purified using Agencourt AMPure 152 XP beads (Beckman Coulter, Brea, CA, USA) . Following this, amplicon PCR was performed 153 on 5 µl of equimolar amounts of PCR product using Nextera XT primers (Index 1 (N7XX) 154 and Index 2(S5xx)), targeting the same region of the 16S rRNA genes (8 cycles of 30 sec at 155 95 • C, 30 sec at 55 • C and 35 sec at 72 • C). The products were purified with Amplicons 178 As a proxy for antioxidant capacity, we assayed oxygen radical absorbance capacity (ORAC) 179 according to (31) with minor modifications and normalized values to protein content. This 180 biomarker represents the water-soluble fraction of antioxidants and has been applied in 181 daphnids (32). Samples for ORAC and protein measurements were homogenized in 100 μL of 182 PPB buffer (75 mM, pH 7.4). Fluorescein was applied as a fluorescent probe (106 nM) and 2, 195 Life-history traits 196 Survival probability was calculated using Kaplan-Meier analysis, which estimates 197 the probability of an event (i.e., death) occurring in a given period (33). The logrank test was 198 used to evaluate differences in the survivorship between the treatments using package survival 199 in R (34).
16S rRNA gene amplification and sequencing library preparation

Analysis of Oxygen Radical Absorbance Capacity and protein content
Data analysis and statistics
201
The empirical von Bertalanffy growth model was applied to determine growth parameters 202 using length-at-age data fitted to the equation:
where BL is the total length at time t (days); BL max is the length reached at an infinite time, 205 defined as the maximum potential length attained under the prevailing conditions; and K is the 206 growth rate. Statistical differences in BL max and K between each treatment and control were 207 determined by non-overlapping 95% confidence intervals.
208
To analyze the effects of exposure time and ciprofloxacin concentration on the daphnid 209 fecundity, we used generalized linear models (GLM) with Poisson distribution and identity 210 link function. Residuals were checked visually, and nonsignificant interaction terms were 211 dropped from the analysis. A post hoc Tukey HSD test was used to compare the brood size 212 among the treatments for each clutch.
213
The daphnid population growth rate (PGR) was estimated according to Euler-Lotka's 214 equation using (R Core Team, 2018) (Appendix S10):
where l(x) is the fraction of individuals surviving to age x and m(x) is the birth rate per capita 217 for the mothers of age x. Bootstrapping (999 permutations) was used to estimate 95% 218 confidence limits of the PGR values in each treatment, and statistical differences in r between 219 each treatment and control were determined by non-overlapping 95% confidence intervals. 
Results
247
Survival and individual growth 248 The survival rate was moderate to high (84% to 92%), not differing significantly among the 249 treatments (log rank test, p > 0.8), although the antibiotic-exposed animals had slightly higher 250 survival compared to the controls ( Figure S1 ). According to the individual growth curve 251 analysis, the animals exposed to the lowest ciprofloxacin concentration (0.01 mgL -1 ) had a The population growth rate (PGR) varied from 0.26 to 0.30 among the treatments and was 279 higher in the exposed daphnids relative to the control by 17%, 19% and 15 % in the animals 280 exposed to 0.01, 0.1 and 1 mgL -1 , respectively. The differences from the control were 281 significant for all treatments (Table S1 ).
283
Characterization of the gut microbiota in Daphnia 284 A total of 1314 high-quality sequences were obtained after trimming and assembly. The core 285 gut microbiome of our test animals was dominated by Proteobacteria, which contributed on 286 average 74% (ranging from 25% to 95% in individual specimens). When all treatments were 287 considered, Actinobacteria (15%), Bacteroidetes (7%), Firmicutes (1%) and
288 Verrucomicrobia (1%) were also common. In the non-exposed animals, the contributions 289 were different, with Proteobacteria, Bacteroidetes and Verrucomicrobia being the most 290 common ( Figure S2e ). Together, these five phyla formed the core microbiome of the gut and 291 comprised on average 99% of the OTUs assigned to phylum level (Table S5a ).
293
The major classes of bacteria found in all treatments, in order of prevalence, were 294 Betaproteobacteria (35% of total OTUs), Gammaproteobacteria (29%), Actinobacteria 295 (14%), Alphaproteobacteria (9%), Cytophagia (5%), and Verrucomicrobia (1%). In the non-296 exposed animals, Cytophagia was the third most abundant group, contributing 8 to 36% 297 throughout the experiment, whereas Actinobacteria contributed less than 2% on average.
298
Bacilli, Sphingobacteria and Bacteroidia were found together in about 3% of total reads 299 assigned at class level (Table S5b) .
301
We found members of 62 orders in all treatments ( Halomonadaceae (15%), Shewanellaceae (10%), and Cytophagaceae (5%) were the most 311 common ( Table S5e ). In the non-exposed animals, Comamonadaceae (65%) and 312 Cytophagaceae (17%) were the most common. When all treatments were considered, the most 313 abundant genera were Limnohabitans, Shewanella, Halomonas, Bosea, and Leadbetterella.
314
These genera contributed on average 71% (ranging from 57% to 81%) to the gut microbiota.
315
In the non-exposed animals, however, Bosea was not contributing to the core microbiome 316 ( Figure S2a ).
318
The effects of ciprofloxacin on the gut microbiota 319 Chao1, ACE and Fisher´s alpha indices were negatively co-related to ciprofloxacin 320 concentration (Figure 3a and Table S3 and S4). According to the PCoA, populations 321 exposed to 0.1 and 1 mgL -1 clustered closely to each other, with higher loadings on the 322 second axis, which separated them from the control (Figure 4) Proteobacteria), as their abundance in the exposed animals had increased significantly 331 following antibiotic exposure (Figure 5a , Table S6 ). (Figure 3b ; Table S2 ). Chronic exposure to ciprofloxacin, 360 resulted in a significantly lower diversity in the exposed animals (Figure 3a , Table S2 ). All 361 diversity indices showed a similar trend over time, with a high diversity during the first two 362 weeks (the first clutch), a decrease observed at the time of the second clutch, following by an 363 increasing trend. However, the time effect was not significant (Table S2 ).
365
Linkages between the gut microbiome and life-history traits 366 The diversity indices correlated negatively with fecundity, while only Fisher's alpha had a 367 positive correlation with body size. The differential abundance analysis indicated that genera 368 Bosea and Hydrogenophaga were more abundant in the daphnids with high and low somatic 369 growth, respectively (Table S7 ; Figure 5b ). Moreover, Bosea and Galbitalea were 370 significantly more abundant in the daphnids with higher fecundity, whereas abundances of 371 Leadbetterella and Hydrogenophaga in these individuals were significantly lower (Table S7 , 372 Figure 5b ). Thus, Bosea and Hydrogenophaga were consistently associated with high and low 373 growth phenotypes, respectively.
375
Biomarker ORAC/Protein responses to antibiotic exposure 376 The total antioxidant capacity (ORAC, g Trolox eq. g protein -1 ) was significantly higher in the 377 animals exposed to lower concentrations of ciprofloxacin (0.01 and 0.1 mgL -1 ) ( Figure 6 , 378 Table S9 for details on the statistical comparisons. Table S5 . Relative contributions of the ten most common bacterial taxa to gut microbiota of 753 Daphnia magna exposed to ciprofloxacin (0.01. 0.1. and 1 mg/L) and in control (0 mg/L) as 754 well as the average relative abundance for all treatments. individuals sampled at the termination of the experiment were excluded, because some 771 daphnids contained eggs in the brood chamber. As the reference group, we used the daphnids 772 exposed to the highest concentration. See also Figure S3 . 
